(approximate position − 0.18). Similarities and differences in genomic structures between the erm-1, nfm-1, and human ezrin, radixin, moesin, neurofi bromatosis 2, and the Drosophila moesin and merlin genes were determined by comparison of their aligned cDNA sequences with their respective genomic structures; for the unpublished human and Drosophila sequences, the recently completed genome sequences for each were used. The 11 exons of erm-1 have an intron/exon structure similar to that of the human ezrin, radixin and moesin genes, while the splicing pattern of nfm-1 is more closely related to the human NF2 gene (Supplemental Figure S2C) .
Cloning of erm-1, Gene/Protein Comparison Genomic DNA was extracted from Bristol N2 wild-type mixed stage C. elegans populations and Drosophila melanogaster Oregon-R as described (Ashburner, 1989; Sulston and Hodgkin, 1988) . Degenerate oligonucleotides corresponding to a conserved region of the FERM domain were designed and used to amplify MERM homologs by degenerate
PCR (#1: 5′ GGI (CT)T(ATCG) (CA)GI GA(AG) (GT)(TC) I TGG T(TA)(CT) GG 3′ , #2: 5′ CC(AG) TAC ATI TC(ATCG) A(GA)(GA) TC(CT) TG(AGCT) GC 3′ , #3: 5′ GCI CA(AG) GA(CT) (CT)T(ATCG) GAI ATG TA(CT) GG 3′ , #4: 5′ GC(TC) TGI (GT)(GC)I (TC)(TG)C AT(TC) TG(TC) TG(ATCG) AC(ATCG) TC 3′ ). Two distinct fragments
were amplifi ed from each of C. elegans and Drosophila DNA, one with closer homology to ezrin-radixin-moesin and one to neurofibromatosis 2 (NF2). We designated the C. elegans genes erm-1 and nfm-1, respectively (Supplemental Figures S1 and S2 ). An amplifi ed erm-1 fragment was used as a probe to screen C. elegans embryonic and mixed stage cDNA libraries (gift of R. Barstead), and blots were examined under high and low stringency conditions, according to standard protocols (Sambrook et al., 1989). At low stringency conditions, no additional MERM family members were identifi ed, although conditions were such that distantly related molecules were isolated (not shown). Using the erm-1 fragment at high stringency conditions, seven overlapping cDNAs were isolated (results for nfm-1 will be reported elsewhere). A 2.2 kb cDNA erm-1 clone was fragmented by exonuclease digestion and sequenced on both strands. This clone appeared to be full length, with a translation initiation site and poly-A tail (and including 5′ and 3′ untranslated regions), and contained an open reading frame encoding 563 amino acids; in agreement with the cDNA sequence by the C. elegans Genome Project for gene C01G8.5A (Supplemental Figures S1A and S1B; Genbank accession # AY643538 and AY643539). Amplification from total RNA with SL primers demonstrated that erm-1 is both SL1 and SL2 trans-spliced and that the cDNA was fully extended on the 5′ end; this was further confi rmed by the C. elegans cDNA sequencing project (http://nematode.lab.nig.ac.jp). erm-1 is predicted to be the fi rst gene in an operon based on SL1/2 transsplicing and the close spacing of the immediately downstream genes (Blumenthal et al., 2002). Two alternative exon 1 splice forms (1A: MSKKA and 1B: MVAAGD), predicted by the Genome Project, were recovered as expressed sequence tags (EST) from the C. elegans cDNA project, with a higher frequency of exon 1A (Wormbase website: http://www.wormbase.org, Release WS120, 3/7/04). Exon 1A was the only splice form detected among our cDNAs; however, an additional alternative splice site was identifi ed, inserting 3 amino acids (IVQ) after the FERM domain at the start of exon 8 (transcript 1C, Supplemental Figure S1A ). In vitro transcription and translation of the erm-1 cDNA generates a band of the expected size (~70 kDa) which is also detected by Western blot analysis of C. elegans extracts with two different peptide antibodies, which we generated to the ERM-1 C-and N termini (Sambrook et al., 1989; not shown).
To determine the erm-1 gene structure, four overlapping phage clones from a C. elegans genomic library (gift of R. Barstead) were isolated using a full-length erm-1 cDNA probe. Phage DNA was isolated according to standard protocols and confi rmed to represent erm-1 by mapping and partial sequencing. This DNA was used for DNA fi ngerprinting, in collaboration with A. Coulson, for chromosomal localization of erm-1 to chromosome I in the vicinity of spe-11
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Characterization and Rescue of erm-1(tm677) For phenotypic characterization of the tm677 allele, progeny of heterozygous and homozygous hermaphrodites were individually singled, genotyped by PCR, and scored as below. More than 300 F1 progeny (singled as eggs) of heterozygous tm677/unc-63 dpy-5 mothers (genotype confi rmed by PCR) revealed approximately 25% animals with the erm-1 gonad phenotype (presumptive tm677 homozygotes, see below), but no early larval lethality nor the obvious intestinal or excretory canal erm-1 phenotypes. The 25% animals with the erm-1 gonad phenotype generally die with a modifi ed bagof-worms phenotype (some embryos hatch inside the parent, some of these escape the carcass, and some eggs are laid; see text and Figure 2iii for phenotypes), and a median total number of progeny of 10. These progeny display >90% early lethality (predominantly L1) and also show the erm-1(RNAi) cystic luminal phenotypes. Duplex single-worm PCR amplifying wild-type and deletion band simultaneously was used to confi rm the genotype at each stage. 40/40 F1 progeny with the erm-1 gonad phenotype (as well as their progeny) were demonstrated to be homozygous, compared to an equal number of their wild-type-appearance sibs, which were heterozygous for tm677 (data not shown).
Rescue was assessed by the ability to restore viability in an unbalanced tm677 homozygous background. Progeny of tm677 /unc-63 dpy-5 I; vjIs2[erm-1(+) rol-6(su1006) ] singled F2 progeny (confi rmed to carry the rescuing transgene by their Rol phenotype and the deletion in the F1 and F2 by PCR) with 100% Rol phenotype were singled and shown to be homozygous for tm677 by PCR demonstrating the presence of the deletion in all animals; these animals were therefore of the genotype tm677/tm677 I; vjIs2 [erm-1(+) rol-6-(su1006) ]. Several lines were obtained and showed full rescue of the erm-1 luminal phenotypes. Rescue by the extrachromosomal Cterminal erm-1-GFP fusion transgene took advantage of the ability to uncover the lethality in the absence of the transgene. Several lines were derived where only GFP positive animals were viable in the F3, whereas GFP negative animals displayed the erm-1(RNAi) phenotype and died as L1 larvae; these animals were therefore of the genotype tm677/tm677 I; vjEx10 ] (presence of transgene confi rmed by fl uorescence; homozygosity confi rmed by PCR, as above). Although viability was restored, these animals are very sick and display varying degrees of tube morphogenesis abnormalities, corresponding to absence/presence of the protein due to mosaicism of the transgene (see text and Figures 2iiA and 2iiB). Partial rescue by the erm-1-GFP transgene, compared to the full rescue by the integrated erm-1(+) transgene, may result from: (1) mosaicism of the extrachromosomal array, (2) interference by the GFP at the C-terminus, (3) incomplete maternal rescue (which has been suggested to be more signifi cant for extrachromosomal than integrated arrays).
Phenotypic Analysis
The progeny of RNAi-injected parental hermaphrodites, and those of parental animals fed by bacterial RNAi, were scored for the following morphogenesis defects: (1) excretory system: excretory cell body present/absent, canals extended/restricted/unextended (greater than or less than 50% of normal length, or not extended, respectively); few/multiple canal cysts (one to two or more than two, respectively), small/large cysts (less than or greater than half body diameter, respectively), septated/nonseptated cysts; Clr (clear) phenotype; Wit (withered tail) phenotype; fl uid collection; (2) intestine: cysts (scored as above for excretory system), lumen widening with irregular lumen scaffold (greater than double the wildtype diameter), number of cells (counted at the L1 stage); (3) gonad: cysts; malformations/presence/absence of the uterus, vulva, spermatheca and gonad arms; gonad arm extension; migratory path of gonad arms; ectopic sperm; embryos outside the gonad before bagging; "bag-of-worms" (terminal) phenotype; and (4) stage and timing of lethality. Cysts were defi ned as luminal widening, where the smallest diameter was less than 25% of the largest diameter (generally, diameter will return to close to nothing between cysts, see Figures). Since true blockages were only rarely found, this type of cystic deformation is the result of either luminal torsion or pocketing (diverticula). Animals were defi ned as dead when they did not move and respond to prodding with a pick. Embryonic lethality was scored separately by counting any unhatched eggs 24 hr after removal of the parents (all viable embryos should have hatched by this time). of [B] ), but 14% had posterior intestinal lumen morphogenesis defects, not shown in graph. >80% of L1 lethal sma-1/erm-1(RNAi) animals were also supersma, indicated by asterisks above the columns (C). A small percentage of supersma animals are present in both sma-1 alleles, the majority of which are also lethal. Note that the increase in sma-1 L1 lethality also represents an increase in supersmas, and that the increase in animals with cysts also represents an increase in number and relative size of cysts per animal (not shown in the graph, see Figure 4H ). Every data point represents 100-500 animals (wild-type control N2, and experimental) scored in 3-6 independent experiments, and the graphs show average numbers (see above for details). All animals were scored at the L1 stage at 100× magnifi cation; sma-1 supersma animals were additionally scored at 400× to evaluate cysts and distinguish lumen morphology defects from lumen widening/distortion, presumed to be secondary to small body size. Experiments were always done in parallel with -RNAi control bacteria (see Experimental Procedures). Control bacteria generated 0% excretory canal and intestinal cysts and 0% lethality in N2 (not shown in graph).
Feeding Experiments

Figure S3. Appendix to ERM-1 Expression (A) Nomarski and (B-D) confocal projections of late-stage embryo: ERM-1-GFP overlaps with intermediate fi laments (IFB-2) of the intestinal submembraneous cytoskeleton; the same overlap is seen with cortical actin (not shown). ERM-1-GFP is also seen in the expanding excretory canals and, more faintly, in the cytoplasm of the intestine. Head occupies half the length of the animal, arrowheads point to grinder of the pharynx. (E and F) Nomarski image (E) and confocal projection (F) of the posterior intestine: ERM-1-GFP is enriched at the lumen and lies apical and adjacent to the AJ, not overlapping with AJM-1. (G and H) Nomarski image (G) and confocal section (H) of intestinal opening behind the pharynx, demonstrating that ERM-1-GFP is apical and NFM-1-LacZ basal (arrowheads). (I and J) Nomarski image (I) and integration of confocal
